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Motivation

@ b-physics continues to play ] T
. . r i %: ]
an important role in the e s Lo s am,
search for new physics at the Fein2p ]
.« . . 05— —
precision frontier . =i Amil
K o d
e Large m;, allows us to probe = oo \ 7
i s Vi 5
high energy scales sl b 4 .
@ Physical applications include 5 £
1.0 v K
o Shape of QCD form i e |
factors asli el Lo bl
. -1.0 -0.5 0.0 0.5 1.0 15 2.0
o CKM matrix elements ?
° Lepton ﬂavour universality CKMfitter Group (J. Charles et al.), Eur. Phys. J. C41,
tests 1-131 (2005) [hep-ph/0406184], updated results and

plots available at: http://ckmfitter.in2p3.fr
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e V,, enters the B — K/{v differential decay rate:

dlM(Bs — Ktv

TE DKL) (sl x (malful@)P + maa))
dq N—— N’ N e’

— CKM non—pert. non—pert.

Experiment

q" = P, — Pk
x — Known factors

@ Form factors require non-perturbative computation:

— “w — 2 14 sz : q n 2 M%s - MI‘2< "
(K(Pk)IV"|Bs(PB,)) = 2f(a°) | P, — ol +f(q7) — gz ¢

V= 1uy"b
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@ Relativistic Heavy Quark (RHQ) action for b quarks

[Christ et al. PRD 76 (2007) 074505] [Lin and Christ PRD 76 (2007) 074506]

o Builds on original Fermilab action [E-khadra et al. PRD 55 (1997) 3933]
o Anisotropic clover action
o Uses 3 parameters (mpa,cp,() that can be
non-pertubatively tuned to remove O((mpa)"),
O((ﬁa)(moa)”) E€rrors [Aoki et al. PRD 86 (2012) 116003]
@ Shamir Domain-Wall Fermions (DWF) for /s

[Shamir Nucl. Phys. B406 (1993) 90] [Furman and Shamir Nucl. Phys. B439 (1995) 54]

@ Relate continuum and lattice currents via renormalisation

constant [El-Khadra et al. PRD 64 (2001) 014502]
(KIV1B,) = ZY(KIVEIBS): 28 = o220
e O(a)-improved V* at one-loop
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Ensembles

‘L3><T/a4‘a_1/GeV‘m7r/MeV

C1 243 x 64 1.78 340
c2 243 % 64 1.78 430
M1 323 x 64 2.38 300
M2 | 323 x 64 2.38 360
M3 323 x 64 2.38 410
F1S | 483 x 96 2.79 270
Co*| 48x9% | 173 139

2-+1f ensembles: degenerate light quarks

Domain-wall fermions and Iwasaki gauge action
@ F1S ensemble: new for this analysis
*CO currently under analysis.

o Addition of CO disentangles chiral and continuum effects
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Form Factor Fits

@ For lattice data in the Bs-meson rest frame, easier to
decompose matrix elements as
_ (K|V|By) i _ (K|V/|Bs)
fH - 1/2MBS ! pr - \/2MBS
@ Neatly separates into spatial and temporal components
@ Linear combination recovers fy and f:

Fi(d) = —=— [1(a®) + (Ms, — )71 (a")]

/2Ms,

80) = 1 g7 (M, ~ B + (B~ MR (4"
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Form Factor Fits

@ Simultaneously fit two-point functions and three-point
function ratios on each ensemble over all momenta

Cél(t) _ <K|V'U‘B > 4EKEBS
K B, ° e—tEk e*(tsink*t)EBs
VO Bt — 1)

+ excited state contrib.

@ Use lattice dispersion relation to constrain kaon energies in
three-point fits
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Form Factor Fits

0 5 10 15 20 % 30
t/a

Form factor fits on F1S ensemble

7/17 Ryan Hill Semileptonic Form Factors for Bs — K{v decays



Chiral-Continuum Fits

@ Extrapolate to physical kaon mass and zero lattice spacing
simultaneously

@ Use NLO hard-pion (kaon) SU(2) HMxPT (pro 67 (2003) 0s4010]

_ N
EK + Apole

AM? E Ex\’ ?
X < (c(o) x (1 + chiral Iog))-i—c(l) A2W+C(2)TK+C(3) </<<) +c® <a/\> )

AME = (ME)? — ()’
Apole, 0 — MB*(0+) — MBs ~ 263 MeV
Apole, + = Mp~(1-) — Mg, = —42.1 MeV

7‘-(I\/I:rima EKa a, L) =
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Extrapolation in terms of f,, fo and £, f

@ Choice of chiral-continuum extrapolation strategy:
o Take continuum limit of f,, fo constructed from £,
e Reconstruct fy, fy from continuum-limit £, fH

o Latter strategy assumes |, fj| continuum limit is described
well by fy, fy pole energies

o Significant difference between the two strategies for fy

o Kinematic constraint at g> = 0 couples f, and f; -
influences g° extrapolation of both form factors!

— [y
—
---- fy from f, and f,
---- fofrom f, and f,

0.030 0.035 0.040 0.045

0.5

Oc%05 0010 0,015 0,020 0025 0030 0035 0040 0045

(Bx/Mp,)*
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Chiral-Continuum Fits

T T T T T T
+= (a) omit FV === (h)exclude n* = 1
(b) omit (aA)? == (i) cont. disp. rel. inc. (ap)*
5h, e (@) omit AM? <+~ () varying i
=== (d omit chiral log === (9 A by £30MeV
+= (e) omit (a\)” and chiral log statistic
(f) include %

1

1 1 1 1 1 1 1
0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045

(Ex/Mp,) v v v v — v
N statistics
I fit systematics 4
o EI2’< term unresolved fOI’ f+ B discretization (heavy) ¢
. I renormalization
and dropped :'\; I isospin breaking g
. i *'.O discretization (light) .5 5
@ Continuum form factor given g == RHQinputs &
by F(ME, Ex,a=0,L —00) =
o 5

@ Variations on the continuum
fit ansatz to assess

systematic errors N R
¢*[GeV?]
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Bayesian-inferential z-expansion

o Extrapolate over full g° range using a z-expansion

o Fit to synthetic data at reference g° points

o Limited data points restricts available number of terms in
frequentist z-expansion

@ Adopt a Bayesian strategy that can easily explore truncation
errors for the BGL parameterisation
[Flynn, Jiittner, and Tsang: arXiv:2303.11285]

@ Details in Andreas Jiuittner’s talk in this session at 14:30!

F /i) RBC/UKQCD 23
T folg*) RBC/UKQCD 23 ; /’:l
30 Sos 08
a
25 S
g
20 =06 0.6
15 &
<04 0.4
0 0%
=
05 =
Z02 0.2
0.0
02 —01 00 01 02

#(¢)
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servables - | V|

@ Combine experimental inputs:
_ B(BI=K p'vy)
o RBF = m[LHCb PRL 126 (2021) 081804]
o B(B? — D putv,) (e prO 101 (2020) 072004]

o BP lifetime Tgo [PDG PTEP 2022 (2022) 083C01] [HFLAV arXiv:2206.07501]
s

e Lattice contribution: Reduced decay rate [g = I'/|V,|?
V| = RerB(B? — Dg ptv,)
" Tgolo(Bs — Klv)
] ‘VUb|eRxliﬁx_sliJv'ZQ§P—>2}giz = 3.78(61) x 1073 [PRD 107 (2023) 114512
o |V E)EC?[JGSi\%Sle%WKV = 3.74(17) x 1073 [FLac EPIC 82 (2022) 869]
o |Vub ﬁaﬁsﬁgﬂB decays — 4.13(26) x 1073 [PDG PTEP 2022 (2022) 083C01]

@ Consistent with both exclusive and inclusive averages
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Observables - LFU-testing ratios

@ Standard R-ratio takes the form
2
f,:anax dq2 dr(Bs—Krvr)

R,k = da”
BsmK = fq%,ax da? A (Bs— Klve)
m?2 dq?

e This ratio is insensitive to the region m? < ¢*> < m?
@ We can form a ratio with an equally-weighted parts by
o Reweighting the integrand, [isidori and Sumensari EPIC 80 (2020) 1078]
e Unifying the integration ranges
[Freytsis et al. PRD 92 (2015) 054018] [Bernlochner and Ligeti PRD 95 (2017) 014022]
@ We obtain the alternative R-ratio

[Atwood and Soni PRD 45 (1992) 2405] [Flynn et al. PoS(LATTICE2021)306]

qum dq2 dr(Bs—Krv,)

imp dq?
Bs—K — G2 0x wT q°) dI'(Bs— K{lvy)
f dq2 gy = {d
Re. sk = 0.77(16) [21%] R}BmgK — 1.72(11) [6.4%]
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Next Steps



Next steps - CO Ensemble

14 /17

Physical-mass light, strange, and bottom quarks

[3x T =48 x96; a1 =1.73GeV

Point sources replaced with Z, sources for increased precision
[Dong and Liu PLB 328 (1994) 130-136]

Accelerated light + strange quark solves by exploiting
AMA-corrected zMobius DWF action + deflation

[Blum et al. PRD 88 (2013) 094503] [McGlynn PoS(LATTICE 2015)]

Data generated with Grid and Hadrons

[https://github.com/paboyle/Grid] [https://github.com/aportelli/Hadrons]

Analysis in progress!
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Next steps - Reduced-parameter fits

@ We might gain better control over fits by removing
parameters not directly related to our physics goals.

@ The ground-state amplitudes cancel from the ratio in use,
Gs(t, t')
— = foo
Coa(t) G,a(1)

@ ...but are still present in two-point correlators, and so cannot
be removed from a combined fit.

z© E©4 E©)

_ — — (T-1)

Gt = 2o (e te )

@ However, they do cancel in the effective mass.
Cz(t + 1) + Cg(t — ].)

2C2(t)

This can be extended to first-excited states.

= cosh(E(®)
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Next steps - Reduced-parameter fits

Three-point ratio (ground state only):

/ —E(O)t —E(O)t’
G(t, t') — e FateFe
Goa(t) G (1) 4D

Two-point effective mass (ground state only):

Gt+1)+ G(t—-1)
2C2(t)

= cosh(E(@)
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Next steps - Reduced-parameter fits

Three-point ratio (ground + 1st excited states):

C3(t, t/) . e_E/gO)te_Eg))t,
CaGs(@)  \ 4EDED

y <1+ Boga(t) + Bgp(t) + Haa(t )gB(t/)>
VI anga)(1 + apga(?))

Two-point effective mass (ground + 1st excited state):

(1)
h(Ex”)
1+ ax ATW cos
C2,X(t + 1) + C27x(t — 1) (0) &x (t ) oh(E o))
e = cosh(Ey ") ATW
2.x(t) 1+ axgl TV (t)
(1) 0 _g), © _fW, M,
Zx Ex’ e 5t aTw Ey) e Ex'tyefx (T-0
ax = —oy t) = ax =% &, 1) = ay 2X-
X Z)(<O) gX( ) XE)(<1) eiE)((O)t gX ( ) X E)((l) e*E)(?)t+eE)(?)(T7t)
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RBC-UKQCD 2023 result for B; — K{v now published

[PRD 107 (2023) 114512] [arXiv:2303.11280]
Directly extrapolating in 7., fo vs. |, fj can produce
incompatible results for fy at low g2

Assessable truncation errors in determination of
z-expansion coefficients via Bayesian fit
— Andreas Jiittner, 14:30 today

|Viup| = 3.78(61) x 1073
Alternative LFU-testing ratios can yield significantly more
precise theory predictions

Update for B — wfv and physical-point data in progress

Phys. Rev. D 107, 114512 (2023)
arXiv:2303.11280
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Extrapolation in terms of f,, fo and £, f

RBC/UKQCD 23 f,0 BEEK F 3

31 1 & 3 3
I B HPQCD 14 fio ‘ 0.81 | 0.8
I ¥ FNAL/MILC 19 f;, | ' i ’
. ! @ RBC/UKQCD 15 fi. | . i i
N I & RBC/UKQCD 23 fy. | & | % !
=21 | 22 el | I{i s
« | i 611 ror0.
! L i %} 1
18 20 22 24 18 20 22 24

¢*[GeV] @ [GeV]

@ Literature results consistent for fi, in tension for f;

@ > 30 shift in RBC-UKQCD result between choice to
extrapolate in i, fo or f1,

@ Results for the two choices using RBC-UKQCD data are 100%
correlated and include all systematics
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Extrapolation in terms of f,, fo and £, f
(3%533-05

r0.6

A RBC/UKQCD 23 j-,[%ﬁ

BB HPQCD 14 fi ‘ 0.8
¥ FNAL/MILC 19 fj .

¥ RBC/UKQCD 15 f .
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0
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1
1
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I
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¢ [GeV] 2|

@ Literature results consistent for fi, in tension for f;

@ > 30 shift in RBC-UKQCD result between choice to
extrapolate in f, fy or f|, f”

@ Results for the two choices using RBC-UKQCD data are 100%
correlated and include all systematics
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Chiral-Continuum Fits

0.0F T T T T T T |
N Npﬁ? Central M2
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(Ex/Mp,)?

@ All five terms resolved for fy

Ryan Hill

T T
- (a) omit FV

(b) omit (aA)?
- (c) omit AM?
- (d) omit chiral log
-+~ (e) omit (aA)* and chiral log
=+= (@) exclude n* =

T T
-== (W excluden? = 4
== (i) cont, disp. rel. inc. (ap)?
<= () varying /.
= () Ay by £100MeV
statistic

statistics

fit systematics
discretization (heavy)
renormalization
isospin breaking
discretization (light)
RHQ inputs

18 19 20 21
¢*[GeV?]

Semileptonic Form Factors for Bs — K{v decays

BOK
)

i



	Appendix

